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Influences of Fertilization and Seasonal Variation on Microbial Community in a

Chinese Mollisol

BAI Zhen"?, HE Hong-bo' » XIE Hong-tu"*, ZHANG Ming', ZHANG Xu-dong"”

(1.Key Laboratory of Terrestrial Ecological Process; Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, Chinas
2. National Research Station of Shenyang Agroecology, Shenyang 110016, China; 3.Graduate University of Chinese Academy of Sciences,
Beijing 100049, China; 4. Biology College of Liaoning University, Shenyang 110036, China)

Abstract: Fertilization and seasonal variation play very important roles in affecting microbial structure and activity, as a result, leading to the
significant evolution of soil fertility. The effect of manure (MCK) and combined application of chemical fertilizers (NPK) on soil microbial
biomass and structure were studied by measuring soil microbial biomass carbon Cnitrogen) and phospholipid fatty acid (PLFA) in different
microbial communities, with the nil-fertilization ( CKD and fallow as controls. Results show the manure application significantly improves the soil
nutrient contents and the amounts of C,;, and PLFA of different microbial communities. The amounts of fungal PLFA (8.40 nmol*g™") and C,;,
(322.5 mg*kg™' ) and N,;.(57.9 mg*kg™') are significantly higher than those of CK (5.4 nmol*g™', 152.6 mg*kg "> 32.1 mg kg ">
respectively) or NPK (3.5 nmol*g™', 144.3 mg*kg™', 30.7 mg*kg ', respectively) . And the contents of C,; s N,; and PLFA of different
microbial groups in NPK are lower than those in CK. Correlation analyses show the soil nutrient contents are significantly positively correlated
with C, » different microbial PLFA contents and G~ /total bacteria ratios, while negatively correlated with G* /G~ bacteria ratio ( p < 0.05).
The principle component analysis of PLFA shows the microbial structures in different treatments and sampling dates are significantly different.
Seasonal changes are also found to cause great fluctuations in soil basic properties, and microbial community structure in arable soils and fallow
respectively cluster strictly together by sampling dates. The amount of G, is highest on April 11 (295.6 mg*kg™' ), while N, (49.3
mg*kg™' ) and PLFA contents are highest in summer ( July-August); the lowest amounts of C,,, (184.2 mg*kg™' ), N,;.(30.63 mg*kg™') and
PLFA exist on May 31. Fertilization and seasonal variations significantly affect soil fertility> microbial structure and activity .

Key words: phospholipid fatty acid (PLFAD; soil microbial biomass carbon (nitrogen); fertilization: seasonal changes
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Table 1  Basic properties of original bulk soil

pH B/ g kg ™! HHL A /g kg™! AW /gokg ! A /gokg ! TR A /mgo kg™ M /mgekg™! A /mgekg !
7.6 20.19 1.65 1.25 20.62 111.29 5.04 127.06

ZCTND ; U (RAKD SR H SR BB 4 K M G BE T
VEDIE ; A 800 CAP) K ik IR S B SR R B bt L £
SRAMBCI 5 ;B A B I o B A L CAND 5 S A
AL E C, 8 N, PLFA #2502 [ Bligh-Dyer
SEDSUEE 5 1%, WK €19:0 AR, HI Agilent 6890
A TEACCGOOM S . Bl 41 HP-5 #£(30.0 m x
320 pmx 0.25 pm), FEFEHED 1 pl, 72U EE 1001, B
(NIIE 0.8 mL/min. MILAHEE 140°CHERF 3 min, 70 3
AN B E M TE i 140 ~ 190°C, 4 °C/min, PREFF 1
min; 190 ~ 230°C, 3°C/min, PR¥F 1 min; 230 ~ 300°C,
10 °C/min, PRAF 2 min . KA EG 1 K M2% CRID A I, 06
TAUE VL B SRR, SRR 1) 5E P e 53
7l Z M BAME Cbacterial acid methyl esters) Mix A/l
Supelcoe 37 Component FAME Mix . B B LA 22 AN A i
IR (POLY ) 18L: 206> 9c $871%; LA i15:0+ al5:0+ 15: 0+
i16:0+ 16: 109+ i17:0+ cyl7: 0 Z5AE Ay 40 Y5 I 107 1R

(total Bacterial PLFA), X HL 7R H 1 A1 i 17 % ( normal
saturated fatty acids, NSAT )14:0+ 15:0~ 16:0+ 17:0. 18:
0 VA 8 45 7 41 A2 90 s G 1 L1520+ al5: O
i16: 0~ i17: 0 55 3 55 IR W7 B8 (terminally branched
saturated fatty acids, TBSAT )75 G~ B LA 16: 109 0
ANHLAT i 97 IR ml B4 4K B 5 R Ceyclopropyl fatty acids»
CYCLODeyl7:0 &7 Sl A4 5 i LA 25 I 10 1 Jom R 2
7RCtotal PLFA, totPLFAs) ™1
1.3 Hdlaobr

AIH SPSS 13.0 4b K4, J5 22 53 Hr ok L LsD
PRI T 5 BURE 90 2 A AL DU R
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Bivariate) , #H 5 R 04 Person, M & i & KL 46, p <



3232 7N 58

F} 2% 29 4

0.05 A BFEMHK, p <0.01 A EFHK.
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Table 2 Effects of management and sampling date on basic characteristics

- e H >
A

A B C D F p 1 2 3 4 5 6 F p
pH 8.06 8.04 7.68 8.01 75.8 * % 7.87 7.93 7.93 8.00 7.95 8.01 1.05 0.396
H, 0/ % 17.1 17.2 16.3 16.2 1.49 0.226 16.5 18.7 15.5 17.2 16.7 15.7 7.00 * %
Cm.g/g‘kg’] 19.0 19.0 27.8 18.3 148 * % 22.1 19.9 21.1 21.9 21.4 19.6 0.699  0.626
TN/g'kg‘] 1.34 1.46 2.02 1.39 26.3 * % 1.90 1.45 1.41 1.78 1.57 1.21 8.24 * %
Corg/ TN 14.6 13.5 13.9 13.4 1.18 0.323 11.7 13.9 14.9 12.2 13.6 16.7 23.3 * %
AN/mg*kg ™! 92.7 98.0 143 96.4 163 * % 106 110 101 113 111 102 0.588 0.709
AP/mgkg ™! 6.34 12.4 197 13.8 543 * ¥ 52.0 63.3 58.3 64.6 534 52.8 0.05 0.998
RAK/mg'kg'] 139 152 233 172 40.4 * % 220 177 154 165 168 161 4.10 *

1) % FIR p<0.05, * * TR p<0.01, FFl; 2) FHiftab# 4, A5 CK B A NPK~C A MCK-D AR 3) ZEHURE H i, 1 25 2005-09-29.2 24

2006-04-11~3 A 2006-05-31-4 A 2006-07-01~5 A 2006-08-08+6 A4 2006-09-24
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Table 3 Overall effects of management and sampling date on soil

characteristics using ANOVA

WONAREE  WPERNT MR x D
Ak (df=3) (df=5) (df=15)

F p F p F p
pH 31756.7 * * 1823.1 * x 1287.9 * %
H,0/% 74.9 * x 252.4  x % 141.4  x x
C“,.g/g'kg’l 4000.6 * * 139.2 % * 73.0 * %
TN/g*kg ™! 1688.5 = x T24.6  * * 46.0 * %
Corg/ TN 23.9 * % 184.7 * * 26.9 * %
AN/mg*kg™! 1971.0 * x 57.4 * % 32.4 * %
AP/mgkg~! 1428.4 * = 3.4 * 7.6 * ¥
RAK/mg*kg™' 51994.1 * % 11533.6 * x 1981.2 * %

1) df s B i

2.2 EEREYRTIEN
2.2.1 SR ARIE T IERMAE Y AR

e LAY/ YN E N PRE e TN e s o L 4
AP 52 (p < 0.001) CH 1D Coio v Ny s Coio /o~

Nyio/TNs Copp/ TN~ Cpo /N,y S F W E R B3 (p <

0.05), bl ¢, EZIRE/DNCF =2.57, p <
0.05),C,,/TN 5 C,,./N,, L HAR IR ECK CF = 23.27,

p<0.001; F =18.70, p < 0.001) & 1) Lipson 2"
Wh, RETMBYIEL 30 d W, HAED RS-
e oy o it IR R AR TR T B, 25, BEAEA) A
KT FHRGE BR . ABET €, WA AR S Bk R
TEAH R, d5 s (L AE PP A7 (295.6 mgekg ™" ), 1M1 fe I
TEZEA7(184.2 mgkg™ '), BV IFLGFIFHCLL CK K&
NPK AL SEASAEJC A B, B 1A Bl AR ) & 2= 1 A8 4k
M T FAMEH L soM B &R HE B4, KESTIH
P R TSI A5 5 W) ) SO 2 e A A S LR A5 SOMEs
FUFEAZR, SOM % & (134 I SCAE Bk 3 A= Pyt 1 1 5
S E R AR B, RS R AR A
K QIR RT R R E6.5C, 1.1 79,
KB UK T B AL (R 205 @ LA I U
WA ILARGG g, 0 EAE AR som ARt
B P RCA S D) B I CANS AP 5 =0, I
F e hEEFER, C, A B TR, I
JELR AT fig 2 D b TR A B R RS,
RAK &% 1P 177 (mg/kg) % 2 154Cmg/kg) , P 1R
21 13% 5 AP 14 63.3(mg/kg) B 4 58.3(mg/kg) >
MR 29 8% AN & & tH A& 110 (mg/kg) B 22 101



11 P B 2 i A 21 SRR B - A R I R 3233
450 100
A
400 B
80
350 -
Ty 300 N
2 g o
& 250 | &0
% 5 40
& 200 =
150
20 -
100
50 ! I ! 0 ! ! I
2005-09-01 2006-01-01 2006-05-01 2006-09-01 2005-09-01 2006-01-01 2006-05-01 2006-09-01
0.030 0.07
C D
0.025 - 0.06 - \§
0.020 | 005
g Z 0041
% 0.015 E 0.03
UE 0.010 =
002 O—0u _¥
0.005 |- 001 L
0 L - L 0 L L L
2005-09-01 2006-01-01 2006-05-01 2006-09-01 2005-09-01 2006-01-01 2006-05-01 2006-09-01
20 20
E 18- F
18 - 6L = CK
—o— NPK
4w Mck
a 16 g2 121 - fallow
& Z 10F
S 14 S 8t
6L
121 4l
2L
10 Il 1 1 0 | | |
2005-09-01 2006-01-01 2006-05-01 2006-09-01 2005-09-01 2006-01-01 2006-05-01 2006-09-01
1 FRAEMEYMEHRARBEXERETEL
Fig.1 Seasonal changes of Cp.(N,y.) amounts and the correlated ratios in different treatments
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Fig.2 Seasonal changes of PLFA contents and their rations in different treatments

2.2.2  PLFA VEIE T3S B E W R AR 4L
T E Y R PLEA & S8 UL 2 TR
AAFEECp < 0.05) CE 2D B A4 4l v DL % 3
PLFA 35 L& 75 0 d5 v, BN FEAC(p <
0.05). #&L PLFA 1 5, ¥1 5 (173.6 nmol*g™' ) 575
(1521 nmol*g™" ) EEZFEA£(90.9 nmol=g™ ' D Ml il 47
(94.7 nmol*g ™' )iF 1.6~ 1.9 fi%; 4l ¥ PLFA JK[Al, %)
H(55.83 nmol* g™ ) 57 H (55.87 nmol*g™ ' ) LLFHF

(37.34 nmol*g™ DFH 47 (36.59 nmoleg ' DiHr 1.5 %
fidis B JMEZEE (9,98 nmol* g™ ') 5 1, 35 AIGAEL I
L 2K (3.46 nmoleg™' ). FL1A/41 4 PLFA
A 171 (0.178), S fIRAE A FAE 8K (0.088) (p
<0.01) . Buyer 25 R F B BE AR V500 50 & B0, 41
PR TE 7 A s SLEITE 6 ~ 7 H & B35 T
. e 8 FIFE A T % . Spedding s g R B, B
PLFA. & PLFA 7E3A TR A KF R B EH,
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A S B W 2 R AR KA G A, Y
A HE B R 2 WA R 0 A IR R TR R A
SR S A E D B R 5 ) W C (N
5 PLFA 45 RIL, N, 5 PLFA ¥ H Z(7~8 H)
e MM C MIAE PR A FE 2815 5 PLFA %
W5E AP R g R A 4 — 80 R R T O
& BTl € A AR VD S5 M 241 5 AN ), PLFA V2 Il 5 (1)
e AN M RS I B, i S0 R 2R E ) A A
T 20 M TR A LSRG @ 2 LR AR
SR Z VR RLE FH AR nT e B L S0 B 28
AN RS PLEA 500 58 (135 44 N5 542 1 AR Jekt
HAFTE R 2 57

AN Ak BB 3 DA AR PR SR AR W B, DL
MCK At 15 5 \NPK 5 CK A PR (p < 0.001), 1K
PRI AR B CJE] 205 %% R PLFA & 39 5 T3R50

i
U /A0 PLFA M S0 A2 5 A8 2 7 i, S5

TEEFIEAM KRR 4 LU PLFA &% 542406 K 91,
MCK 4 3 (178.4 nmoleg™ ") f iy, K PR Ak BE IR 2
(124.1 nmol*g™" ), NPK 5 CK AL BRRAKC 43 4 91.3
F1101.4 nmol*g™" s M B PLFA 15 & PLFA 2 fb A
B L. Schutter S5 Iy, 76 5 2R MR S5l 1, A
PRI A 215 4 i A2 ) v T A AL B L TR PLFA dR
fIG{E J8 7 NPK Ak 2E (3.52 nmol*g™' ), CK (5.36
nmol* g™ ' DEE NPK 4bFH 5y 1.52 1% MKW 5 MCK 4t
PRRR A 238 (5393 0 8.40 1 8.10 nmoleg™' ) . FLER2E
Yy AR A — 5 TH U B R PR AL SRR AT R T e 2
N R A R AR B 5 — Dy TR, AR
PR Ak B S A5 B 280050 58 1) C s Ny Z BT LABE T, A
A 7T RS PR PR A T L TR A 0 B e A R (BB 1A
1B). 28R, A HLIE it H B8 2 (i 1k 40 1 A G, A0 X
0 BTSN B A s B A K LR A LIRS i O A
TR, AR R 35 52 AR Cp < 0.001D (& 2),

R4 TEERBUMRSHMEVEHRE) SEEH PLFA S 2HXS T

Table 4  Correlations between soil basic properties and amounts of soil microbial biomass CCN» PLFA of different microbial communities

by H,0/% pH AN/mg*kg™! RAK/mg°kg™! AP/mgekg™' C,./g'kg™"  TN/gokg™! Core/ TN
Cpnie/mgkg™! -0.135 -0.395° % 0.427"" 0.469* 0.410" * 0.267* 0.170 0.028
Nyie/mg*kg ™! —0.337°*  0.008 -0.024 0.210 -0.041 0.005 0.074 -0.095
Conie/ Nuvie 0.251%  -0.220 0.227 0.107 0.185 0.091 0.001 0.059
Npie/ TN —0.352°°  0.365°° -0.360""  -0.163 —0.347"" -0.381" " —0.445" " 0.290"
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NSAT/nmol* g~ -0.072 -0.271" 0.582% * 0.439" 0.429% " 0.478" * 0.379** -0.006
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Fig.3 Seasonal changes of bacterial PLFAs contents in different treatments
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